To help stem the continuing decline of biodiversity, effective transfer of technology from resource-rich to biodiversity-rich countries is required. Biodiversity technology as defined by the Convention on Biological Diversity (CBD) is a complex term, encompassing a wide variety of activities and interest groups. As yet, there is no robust framework by which to monitor the extent to which technology transfer might benefit biodiversity. We devised a definition of biodiversity technology and a framework for the monitoring of technology transfer between CBD signatories. Biodiversity technology within the scope of the CBD encompasses hard and soft technologies that are relevant to the conservation and sustainable use of biodiversity, or make use of genetic resources, and which relate to all aspects of the CBD, with a particular focus on technology transfer from resource-rich to biodiversity-rich countries. Our proposed framework introduces technology transfer as a response indicator:
Introduction
The Convention on Biological Diversity (CBD) 2010 target assessment clearly showed that biodiversity continues to decline and that pressures driving this loss are increasing in magnitude and scope (Butchart et al. 2010) . A mid-term review of the CBD Aichi Targets showed little progress in the subsequent 5 years, and modeled projections make target adherence unlikely by 2020 (Tittensor et al. 2014) . Technology and knowledge transfer between countries has been increasingly hailed as one of the most important mechanisms by which to address environmental issues. However, direct measurement of the impact of knowledge sharing and its benefits to biodiversity have lagged behind these calls. Yet in international development, technical cooperation tends to accelerate technological catch-up among nations (Sawada et al. 2010) , while other studies link specific conservation strategies that include technology transfer with successful conservation outcomes, at least at the project level (e.g., Howe & Milner-Gulland 2012) .
Technology transfer has become a key ingredient of international environmental policy (e.g., United Nations Framework Convention on Climate Change [UNFCCC];
Intergovernmental Platform on Biodiversity and Ecosystem Services [IPBES] ). The need for technology and knowledge transfer has been recognized by the CBD since its inception; they note that parties are "aware of the general lack of information and knowledge regarding biological diversity and of the urgent need to develop scientific, technical and institutional capacities to provide the basic understanding upon which to plan and implement appropriate measures" (CBD 1992) . The convention highlights technology transfer several times, specifically with regard to research and training (Article 12), access to and transfer of technology (Article 16), exchange of information (Article 17), technical and scientific cooperation (Article 18), and handling of biotechnology and distribution of its benefits (Article 19) (CBD 1992) . Technology transfer has been encapsulated in the CBD 2020 strategic plan and Aichi biodiversity targets, particularly Aichi Target 19 ("By 2020, knowledge, the science base and technologies relating to biodiversity, its values, functioning, status and trends, and the consequences of its loss, are improved, widely shared and transferred, and applied" [CBD 2010a]) .
Despite this acknowledgement of the importance of biodiversity technology transfer among signatories, reporting on progress in this area has been scant, probably due to the vagueness of target wording and the lack of a succinct definition of biodiversity technology.
Here, we argue that there is a distinct need to systematically monitor biodiversity technology transfer. We considered the nature of biodiversity technology in order to build a framework for the development of a set of technology transfer metrics to track progress for specific forms of technology transfer. We also examined how biodiversity knowledge and technology transfer might be monitored in a CBD context.
Concepts and definition of biodiversity technology transfer
The CBD target framework has resulted in identification of key metrics of biodiversity to be used as a basis for the development of a series of biodiversity indicators. A lot of work remains (Mace & Baillie 2007; Walpole et al. 2009 ), particularly in light of the new Aichi targets (Stuart & Collen 2013; Tittensor et al. 2014) . Factors inhibiting consistent reporting on biodiversity technology transfer are the lack of a clear definition of biodiversity technology, the large number and variety of activities comprising biodiversity technology as currently defined by the CBD, and a general lack of technology needs assessments (Pisupathi 2010; Chandra & Idrisova 2011) .
In its widest sense, technology is information put to use to accomplish a specific task (Eveland 1987) and is often thought of as hardware. The term also includes soft technologies (e.g., the knowledge needed to use the hardware component appropriately) (Rogers 2002 This knowledge can be contained in peer-reviewed literature or transferred through webbased learning or workshops.
The matter of defining biodiversity technology is further complicated because its 5 broad constituent parts are not mutually exclusive (e.g., monitoring is an integral part of in situ conservation), and some of the sub-components themselves have very broad definitions.
For example, sustainable resource use is broadly defined because it lacks adequate terminology to distinguish between the various concepts falling within its remit (e.g., use, sustainability, and incentives) (Hutton & Leader-Williams 2003) and combines biological, social, cultural, and economic factors (Milner-Gulland & Rowcliffe 2007 Technology transfer has often been viewed as a unidirectional linear process from producer to recipient (Cottrill et al. 1989; Rogers 2002) . Therefore, in its simplest format, technology flows from countries harboring biodiversity technology to countries where biodiversity technology is needed (Fig. 1a) . However, most often, the transfer process is at least bidirectional (i.e., technology flows in both directions), for example, through cooperation. When considering the diffusion of soft technology (e.g., knowledge exchange), the flow of technology may become a one-to-many relationship or a multidirectional one that involves co-production of knowledge (Fazey et al. 2012) , making simple flows of technology from technology-rich to technology-poor countries unrealistic. This is particularly the case for cooperative networks (e.g., biodiversity observation networks [Scholes et al. 2008] and knowledge networks that are crucial for the effective dissemination of knowledge on sustainable development [Arungu-Olende 2007] ).
Monitoring of progress toward set targets greatly depends on policy context. The majority of technical knowledge and biodiversity data continue to be held in temperate regions (Collen et al. 2008) , but the largest declines in wildlife; highest abundance and diversity; and most significant data gaps are in the tropics (Collen et al. 2009; Giam et al. 2012 ). Rapid transfer of biodiversity knowledge, technology, and training is therefore needed from resource-rich countries to biodiversity-rich countries (Balmford et al. 2002; Smith et al. 2003) . The imbalance that exists in biodiversity technology due to economic differences between countries has been recognized by the CBD ( 1992). We focus on this direction of transfer because it is the flow direction most likely to help safeguard the world's biological diversity that is most prominently referred to in the CBD (Fig. 1a) . However, the traditional view of north-south technology transfer (e.g., from resource-rich to biodiversity-rich countries in the original context of the CBD) is being challenged increasingly because southsouth technology transfer is growing in importance. It is likely that, in future, south-south transfer will require greater attention as more agreements are made to foster these interactions. Many of the issues and concepts we discuss apply equally to north-north or south-south transfer.
Countries with high-income economies may interchange technology due to collaboration in research and development, while others may use buying power to obtain technology rather than develop it themselves. Technology may be sent from high-income economies to low-income economies, especially in the context of the CBD, and vice versa (Fig. 1b) . It is likely that technology transfer is more frequent among countries with economic, geographic, cultural, or historic ties. Thus, countries are likely to differ in the level of involvement in technology transfer. Quantification of this involvement would be useful to identify gaps in technology transfer, although these gaps would need to be assessed in relation to what a country can contribute to (or needs to receive from) the technology pool.
For example, country A (Fig. 1b) is involved in technology development and transfer at all levels through cooperation and collaboration and provides one-way transfer to low-income countries. Other countries may only convey the technology they receive from another country as part of a commitment to aid agreements or development policies, yet they may not necessarily develop the technology themselves (e.g., country C). Within a CBD context, we would also include the latter because this strengthens the country's commitment to the convention.
Measuring biodiversity technology transfer

Stock and flow metrics
Technology transfer can be measured using both stocks and flows, although until now most metrics have focused on stock assessments of available technology (for example in research and development) (Keller 2004; Sawada et al. 2010) . Stock metrics are taken at a single point in time, for example the number of patents existing at a given time. There has been much discussion about how to measure technology transfer within a CBD context, specifically for the complex subject of sustainable development. Yet as in research and development, assessment of science and technology activities for sustainable development primarily focuses on simple stock assessments of activities or projects, funding, ideas, and technologies (Gault 2007) . There are more than 500 indicators dealing with the diverse aspects of sustainable development (Parris & Kates 2003; Böhringer & Jochem 2007; Gault 2007;  United Nations 2007), many of which are based on stock assessments.
Flow metrics generally refer to measurements taken over time, say number of patent applications over a year. However, when considering technology transfer, this concept can be adapted to not only reflect flow over time but also -in a geographical sense -to reflect flow from donor to recipient. This enables assessment of which countries send and receive which type of technology and hence effectiveness of flows in addressing biodiversity issues, and the identification of significant gaps. Measuring such flows has proved intractable in other areas of biodiversity research, for instance ecosystem services, where services may be provided in one place while the benefits accrue elsewhere. In the context of technology transfer, simple stock assessments may incorporate the spatial aspect of flow direction through systematic collection of ancillary data on the countries or organizations receiving technology and the quantity of technology they receive. For example, indicators for cooperation (as a specific form of technology transfer) can be based on co-publication or co-patenting, movement of human resources across borders, grants and contracts, and direct investment in cooperation (Gault 2007) . Again, most of these are stock assessments (unless assessed over time), although movement of human resources across borders is clearly attempting to quantify spatial flow of technology and knowledge.
Metrics of biodiversity technology transfer
For meaningful indicator development, measurements need to be target specific; however, technology transfer targets within the CBD context are currently very broad and ill-defined. Table 2 . Although suggested indicators focus specifically on the volume of biodiversity technology transfer, the expenditure contributing to technology transfer (e.g., from development projects), or the frequency of technology improvements (mostly spatial flow assessments), implemented indicators primarily focus on the availability of current biodiversity technology across the globe (mostly stock assessments).
Stock measures are often used as a proxy for flow indicators, primarily because metrics of stock are more easily obtained (Layke et al. 2012 ). In the context of the CBD, the ease of stock measure development needs to be weighed against the need to provide measures of flow between signatory countries. More detailed knowledge of the flows of technology between countries will allow us to ask more complex questions about providers and recipients of technology transfer than a simple stock assessment would.
Ultimately, it is paramount that metrics allow the assessment of the contribution of technology to improved biodiversity conservation. This aspect is important because technology transfer is not only about the application of a technology into use but also about what happens as a result of this application (Rogers 2002) , through monitoring of the exchange, or diffusion, of knowledge (Beal et al. 1986 ).
Indicator framework
There is an urgent need to develop indicators to track biodiversity technology transfer and progress toward technology transfer targets and to assess the outcomes of technology transfer schemes on biodiversity status. Such indicators need to be cost-effective, reliable, and informative in terms of their ability to capture status and trends at a number of scales. They also need to accommodate frequent updating and policy changes and be linkable to policy responses (Jones et al. 2011; Nicholson et al. 2012) . Cost-effectiveness is of particular concern in order to avoid redirection of valuable resources from on-the-ground conservation action. Additionally, advanced indicators need to contain information about flow directions and ideally encompass different transfer activities. To be relevant to different stakeholder and tractable for policy makers and the public, sub-structuring of the concept of biodiversity technology may become particularly important. This substructure could, for example, follow the 5 components of biodiversity technology within the CBD (see Table 1 ). These 5 components necessarily leave out certain aspects of the CBD that may also involve biodiversity technology, albeit in a less tractable manner, particularly those relating to the mainstreaming of biodiversity. Above all, indicator development depends on the availability of primary monitoring data, which may be specific to certain forms or components of 13 biodiversity technology and in turn can feed into a single or composite metric (Jones et al. 2011 ). For simplicity, we recommend focusing solely on direct technology transfer because indirect technology transfer (e.g., where research and development cooperation supports education universally) are prohibitively difficult to define and measure (Gault 2007 ).
The development of robust and integrated quantitative measures to track progress toward global biodiversity targets has grown over recent decades, specifically the linkage between individual measureable indicators and the inter-related effects of biodiversity trends and policy implementation (e.g., Sparks et al. 2011; Nicholson et al. 2012 ). This inter- However, many global biodiversity targets tend to be less specific, making it difficult to align metrics and indicators with these targets (Collen & Nicholson 2014 ), something which is particularly true for Aichi Target 19 on technology and knowledge transfer. There is a clear danger that poor alignment between PSR indicators will result in misleading conclusions about the cause and effect of biodiversity change. For example, an analysis of progress toward the 2010 biodiversity targets shows that while response indicators have been increasing dramatically, all status indicators are in decline (Butchart et al. 2010 ). Collating measurable outputs, for which data exist or can be collected, is a pragmatic first step to tracking progress toward increasing technology transfer. These are likely to be predominantly independent state metrics (i.e., measuring status of biodiversity knowledge and technology, such as GBIF records [Biodiversity Indicators Partnership 2013] ) that fall outside the CBDfavored PSR framework. However, given the uncertainty of links between technology transfer and biodiversity benefits, the advantage of these simple independent measures is that data may be more easily obtained and understood and interpreted by practitioners and policy makers. This pragmatic approach, followed by rigorous testing of metrics, may also improve the focus of future technology transfer targets.
Biodiversity technology transfer metrics would ultimately have to be incorporated into the current CBD indicator framework, which follows the PSR model. There are a number of ways in which this could be achieved. The first is as a response indicator. Pressures drive changes in biodiversity (the state), as a result of which response is increased through technology transfer, specifically to those places where pressures are particularly high (Fig.   2a ). Metrics may relate to stock assessments of technology, such as the number of projects with technology transfer components, expenditure or investment in developing or obtaining technology, and investment in providing or receiving training in technology (Fig. 2b) . To incorporate flow into this simple framework of technology stock measurements, ancillary data on donors and recipients and related relevant metrics between donors and recipients (e.g., human resources training or trained; expenditure of donor country) (Fig. 2b) .
The more ambitious goal for incorporating biodiversity technology transfer is to use it in a more integrated manner in the PSR cycle by measuring the influence of technology transfer on each part of the PSR framework. For example, in a typical PSR cycle (Fig. 2a) , one could assess the influence of biodiversity technology transfer on changes in the measure of state and pressure over time (e.g., the direct influence of biodiversity technology transfer on the state of biodiversity or pressures on species and habitats, i.e. how technology transfer influences threat reduction) and on other response metrics (e.g., how biodiversity technology transfer has affected the extent of protected areas or production of high-quality national biodiversity strategies and action plans). This approach assumes that technology transfer has a direct and measurable effect on biodiversity (positive) and threats to it (negative), although at present, to our knowledge, no quantitative studies exist to link technology transfer to biodiversity benefits. As a result, it is unlikely that this more ambitious goal could be achieved for broad-scale biodiversity metrics within a reasonable time frame, but it may be particularly informative for specific metrics that could in turn help inform other CBD indicators and capacity building activities (e.g., those relevant to biodiversity and species monitoring components).
Data sources and the importance of national reporting
Existing reporting mechanisms are likely to provide the most efficient and standardized manner in which to gather vital metrics of technology transfer in line with our framework (Fig. 2b) . Signatories to the CBD are bound by article 26 to report at intervals to the secretariat "on measures which it has taken for the implementation of the provisions of this Convention and their effectiveness in meeting the objectives of this Convention" (CBD 1992) . Hence, national reporting provides the most likely vehicle for data collection on ongoing technology transfer initiatives, and it has been proposed that information from national reports be used for building a set of indicators (Pisupathi 2010) . However, this requires clearly defined reporting requirements in order to derive optimal data from national reports.
The fifth national reports of parties was set to focus on the implementation of the 2011-2020 Strategic Plan for Biodiversity and the progress toward the Aichi Biodiversity Targets (CBD 2010b) . However, at present, national reporting does not successfully fulfil its obligation of reporting on progress toward technology transfer targets. National reporting has in the past included a mixture of basic qualitative capacity or technology needs assessments, expenditure on or receipt of foreign aid, and quantitative statements on the number of technology transfer initiatives, sometimes accompanied by specific examples. However, an analysis of the third national reports showed that more than half of countries had not yet completed their technology needs assessment (Chandra & Idrisova 2011) , suggesting that even the most basic data to inform technology transfer targets are lacking. Standardization of national reporting with respect to technology transfer and technology needs assessments is likely to provide valuable data to construct a suitable indicator for tracking the status of technology transfer. To achieve this, some standard measures need to be introduced together with indications of flow between specific countries (Fig. 2b) .
Obtaining the data necessary for indicator development requires tapping into information held by key players in technology transfer, as was shown by a recent U.K. Because biodiversity technology transfer initiatives rely on funding, it is likely that databases of funding bodies that engage in technology transfer activities could provide reasonable information on existing initiatives within a national context. Funding bodies with outcomes aligned toward the implementation of international convention targets such as those of the CBD would be the most beneficial (e.g., Darwin Initiative 2014). However, to be of use in the development of more detailed metrics of technology transfer, data need to be collected systematically by project funding bodies (Howe & Milner-Gulland 2012) . In many cases, funders' reports focus on project outputs (which are specific activities delivered by a project) instead of project outcomes, which measure conservation improvements but are much more difficult to quantify given the fact that they are often not measurable over project time frames (Salafsky & Margoluis 1999; Howe & Milner-Gulland 2012) . However, well-run funding bodies may allow the assessment of project outputs and outcomes and factors influencing them through their reporting (Howe & Milner-Gulland 2012) .
While funding databases may provide direct data on projects related to the implementation of the CBD, expenditure on biodiversity technology transfer represents only one small component of overall funding, and disentangling the contribution of technology transfer toward the overall total expenditure of a project may not be straightforward. As a result, increasing expenditure may not have a one-to-one relationship with increasing biodiversity technology transfer. The appropriateness of using funding databases to assess technology transfer should be explored, keeping in mind the contribution of welfare economics focusing on disentangling and tracking funding expenditure (e.g., Patel et al. 2009 ). If they prove useful, then recommendations should be made on standardizing reporting from funders of technology transfer activities to fulfill needs of indicator development.
Collaboration among researchers from different countries may also include technology transfer by promoting knowledge exchange between institutions. Co-publications present another potential measurement of technology transfer (Gault 2007) . Through citation databases, obtaining co-publication rates and global coverage of co-publication for different countries or specifically different sectors relevant to the CBD (e.g., in the field of biodiversity monitoring) is becoming increasingly straightforward. Again, it is vital that the suitability of these possible indicators of knowledge transfer be tested rigorously.
Discussion and next steps
Technology transfer forms an integral part of the CBD and is of particular importance for developing countries, which are often resource poor but biodiversity rich. As defined by the CBD, technology transfer brings together hard and soft technologies that further CBD's three main objectives: conservation of biological diversity, sustainable use thereof, and fair and equitable sharing of its benefits. Thus, the concept of biodiversity technology involves a number of very different components, a diversity of means by which transfer of technology can be achieved, and a large number of different stakeholders contributing to the generation and transfer of technology. With targets set to improve the sharing of biodiversity technology by 2020, it is not only vital to track trends in the levels of biodiversity technology transfer but also to establish a baseline level against which to assess future trends. Conceptually it is possible to integrate a technology transfer indicator into the PSR framework favoured by the CBD, though its implementation seems some way off.
While our effort represents a first step in developing a framework for indicators of biodiversity technology transfer, some potential mechanisms for data collection on technology transfer activities exist. National reporting to the CBD could provide the vehicle for more targeted information being submitted by each signatory. Project funding databases may provide information on project expenditure and activities, and on who is involved in technology transfer. Given this potential wealth of data sources, the next step is to carry out an in-depth analysis of the usefulness of these data for indicator purposes, particularly with regard to their sensitivity as indicators.
The availability of data on the metrics of choice most often represents the limiting factor to effective indicator development. The complex nature of technology transfer embraces widely different transfer activities and, when considering flow measures, may be highly spatially patterned. Many of the potential metrics of technology transfer are difficult to obtain, and establishing their impact on the status of biodiversity -the ultimate aim of such an endeavor -is complex. As a result biodiversity knowledge indicators at present often focus on easy-to-measure components, such as the availability of species inventories, threatened species lists, or national red lists and national biodiversity strategies and action plans. While more comprehensive indicators are being developed, these existing data may be used to describe the state of biodiversity knowledge and may function as a technology or knowledge needs assessment. Measures drawn from funding providers could also be fasttracked to provide timely metrics. Without significant investment, in-depth indicators with the type of causal links implied by the PSR framework are unlikely to be developed in time for the Aichi Target assessment in 2020. Given the importance of biodiversity technology in both measuring and achieving the targets set by the CBD, research effort toward establishing such links is vital. BIOT, biotechnology using genetic resources; ABS, access and benefits sharing.
b Stock: metrics are taken at a single point in time; flow: metrics are taken over time and space through ancillary data on donor and recipients. 
